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SURFACE AND SHALLOW SUBSURFACE GEOLOGIC STUDIES OF THE CAROLINA COASTAL PLAINS

GEOLOGY AND TECTONIC HISTORY OF THE
LOWER CAPE FEAR RIVER VALLEY,
SOUTHEASTERN NORTH CAROLINA

By Davip R. SOLLER

ABSTRACT

The Cape Fear River is a major Piedmont-draining river system
that flows across the Atlantic Coastal Plain in North Carolina. A
detailed study of stratigraphy, mineralogy, and geomorphology was
undertaken to assess the geology and tectonic history of the valley and
the implications for late Cenozoic tectonism in the region. The
deposits of these Piedmont-draining river systems cover large areas
of the Coastal Plain and are therefore geologically and culturally
significant and worthy of further study. The data from the Cape Fear
River valley await integration with future studies of other rivers in
the area.

Fiveriver terraces are presentin the Cape Fear River valley; alllie
northeast of the river, with successively older terraces farther from
the river. The terraces are correlated with isotopically dated marine
and strandline deposits ranging in age from approximately 2.75 to
0.1 Ma. This drainage system has therefore been in existence in some
form since at least late Pliocene.

The mineralogies of weathering profiles in the fluvial and upland
deposits were compared to assess the variation in profile development
on different units, as an aid in estimating the ages of the deposits. The
river sands are quartzose with minor feldspar, immature heavy
mineral assemblages, and an immature clay mineral suite; sediments
beneath older terraces generally contain less hornblende, epidote,
and feldspar than younger terraces, as a result of longer exposure to
weathering. The abundance of labile minerals and the maturity of
the clay-sized mineral suite were found to be useful indicators of the
age of the deposit in both valley and upland areas.

Regional uplift and a series of local flexures are proposed to explain
the terrace distribution in the valley, based on geomorphic and drill-
hole data and on the use of longitudinal profiling with a best fit
analysis incorporating time and uplift. A gentle, sustained uplift to
the north or northeast of the valley has forced the Cape Fear River to
migrate southwestward over time. This migration has allowed the
preservation of river terraces and large tributaries only to the
northeast of the river. Roughly normal to this uplift (along the trend
of both the river and the Cape Fear arch), a complex flexure
beginning more than 750 ka uplifted the upper valley near the
Piedmont and caused incision of the river, while the lower valley
subsided. These minor flexures along the Cape Fear arch were
superimposed on a gentle, persistent regional uplift of the region
which is largely responsible for preservation of the elevated shore-
lines. To the south of the Cape Fear River, the Pee Dee River flows
along the southeast flank of the uplift; geomorphic and lithologic
evidence in the Pee Dee River valley and drainage patterns on the
uplands between the two rivers support the regional tectonic model
proposed from analysis of the Cape Fear River valley.

INTRODUCTION

In the late 1800’s reconnaissance geologic mapping of
the Atlantic Coastal Plain established that episodic
transgressions and regressions of the ocean had de-
posited marine sediments and formed a series of
marine benches, or “terraces” (McGee, 1886, 1888;
Shattuek, 1901, 1906; Johnson, 1907; Stephenson, 1912).
Each terrace was assumed to be the product of a single
ocean highstand, and the apparently level nature of the
terraces was cited as evidence of a passive or epeiro-
genically active continental margin. The concepts
invoked in these early studies persisted relatively
unchanged into the modern era; recent detailed geologic
investigations (Owens, 1970, in press; Mixon and
Newell, 1982; Newell and Rader, 1982; McCartan and
others, 1984; Newell, 1985; Owens and Gohn, 1985)
have revealed a wealth of stratigraphic and tectonic
information and have challenged the longstanding
assumptions about the stability of the Atlantic margin.

On the southern Atlantic Coastal Plain, detailed
mapping has been largely confined to South Carolina,
and most notably to the Charleston area, where a major
U.S. Geological Survey study was conducted of the
geologic setting around the epicenter of the Charleston
1886 earthquake (Gohn, 1983; McCartan and others,
1984). In an effort to assess regional variations in
depositional style and tectonic stability, James P.
Owens of the U.S. Geological Survey recently undertook
a mapping study of the Coastal Plain astride the Cape
Fear arch, encompassing northeastern South Carolina
and southeastern North Carolina. Within this complex
of Pleistocene and older offshore and marginal marine
sediments, two major rivers, the Cape Fear and the Pee
Dee, have carved valleys and deposited sediments
during past intervals of ocean highstand. In the past,
river deposits have rarely been studied in the detail
given the marine and strandline sediments on the
Coastal Plain, and the significance of mineralogic and
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stratigraphic data from river valleys was not fully
known at the outset of the present study. As one aspect
of the regional study directed by Owens, the geologic
history of a major river valley was assessed, and is the
object of this report. Of the two valleys within the study
area, the Cape Fear River valley presented the most
opportunity for significant new data; it had never been
mapped, has an unusual configuration, and is astride
the Cape Fear arch, an areaof known tectonism during
the Late Cretaceous and Tertiary (Owens, 1970; Owens
and Gohn, 1985).
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GEOGRAPHIC SETTING

The Cape Fear River rises in the Blue Ridge of
central North Carolina; in its upper reach it is called
the Haw River. In both the past and the present, the
river has eroded the Late Proterozoic to Permian
granitie, gneissie, and volecanic rocks of the Blue Ridge
and Piedmont provinces, delivering this detritus to the
coast in a relatively fast moving current compared with
nearby rivers that drain only the Coastal Plain sedi-
ments. For example, the average discharge of the Cape
Fear River at the northwestern end of the study area is
4,956 cubic feet per second, while discharge for nearby
Coastal Plain rivers, the Waccamaw and Lumber
Rivers, is 1,067 and 3,020 cubic feet per second,
respectively (Hendricks, 1961).

The study area lies well to the southeast of the
headwaters, along the river’s course across the outer
Coastal Plain east of the Orangeburg Scarp (fig. 1). The
study area is of an irregular shape, covering roughly
1,600 square miles between North latitude 34° and 35°
and West longitude 77°50” and 79°. Figure 2, a low-
resolution Landsat image, shows the study area in more
detail. Within this area, from just south of Fayetteville,
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FIGURE 1.—Location of the study area.

N.C., to the head of the estuary northwest of Wilmington,
N.C., the river flows southeast and lies against the
southwest wall of the valley. The pre-Holocene flood-
plain deposits of the valley, preserved beneath terraces
paralleling the Holocene course of the river, are, except
for the most recent deposit, each of a roughly uniform
width. The terraces number up to five, and the overall
width of the valley varies accordingly, from a maximum
of 22 miles in the north near Roseboro, N.C., to a narrow
feature less than 5 miles wide and covered entirely by
the modern flood plain northwest of Wilmington. The
river turns to the south into the estuary at Wilmington
and exits to the Atlantic Ocean at Cape Fear, N.C.

The region is rural and is covered mostly by pine
forests and small farms. Much of the land in the valley
is quite sandy and does not support intensive farming.
In addition, the lower reaches of the valley to the south,
where the valley constricts, are often swampy in many
places.

The sandy nature of the valley is evident from low-
level aerial photography (fig. 3). Recent vegetation
blankets the valley, but parabolic dune forms, large
areas of bare, white sand, and other wind-derived
features are common. The most conspicuous of these
surface features in the Cape Fear River valley are
oriented, elliptical depressions; these features, known
as Carolina bays, are common on sandy deposits of
certain ages on the Coastal Plain and are perhaps best
developed in this valley. Carolina bays are also visible
on the low-resolution Landsat imagery shown in figure

2.
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FIGURE 4.—Geologic evidence for the Cape Fear arch as shown by (4) the generalized suboutcrop pattern of Santonian to upper Oligocene
units as mapped by J.P. Owens, and (B) contours on the top of basement as compiled by Owens (written commun., 1986), from Gleason
(1981) and Costain and Glover (1982). Contour interval 500 feet, with supplementary 100-foot contours. Contours offshore are shown
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and clays deposited as flood plains upriver from the
backbarrier.

Along the Atlantic Coastal Plain, several transgressive-
regressive sequences are evident; older sequences lie
some distance inland from the modern shoreline, while
younger sequences are present progressively at lower
elevations closer to the shoreline. The surface of these
sequences is fairly flat, and where several sequences
occur nearby, they impart a steplike character to the
landscape. In many areas, the break in elevation
between deposits of successive cycles is distinct and the
various units can be mapped simply by elevation. As
discussed in the next section, this mapping tool was
commonly applied prior to the use of more sophisticated
stratigraphic techniques in recent studies.

Admittedly a crude regional mapping tool, topo-
graphic elevations do provide a reasonable way to
assess relative agesinalocal area, asoriginal, uneroded
surfaces of younger deposits occur lower than those of
older units. As these sequences are the product of
glacioeustatic fluctuations of sea level, it has historieally
been inferred that the range of glacioeustatic sea level
oscillation has progressively decreased since deposition
of theolder, upper Tertiary sequences. This assumption
has been questioned on the basis of the known tectonic
history of the Coastal Plain and oxygen isotope data
from deep sea cores. An assessment of probable
mechanisms for preservation of this series of trans-
gressive-regressive sequences is included in the section
entitled “Geomorphic Evidence for Uplift of the Cape
Fear River Valley.”

PREVIOUS INVESTIGATIONS

The unconsolidated deposits of the Atlantic Coastal
Plainin the Carolinas consist of a series of transgressive-
regressive sequences, dominated surficially by the
backbarrier-barrier sediment complexes. In most areas
the deposits of any sequence have a roughly planar
surface expression, paralleling the coast. Indeed, it is
possible in many places to trace these flat surfaces on
topographic maps for many miles. Topographic eleva-
tion is a correlation tool of historically wide use on the
Coastal Plain and although it is a rough and often
misleading tool by modern standards, the construection
of topographic maps for any area of the Coastal Plain
served to immeasureably advance geologic mapping
and interpretation. The evolution of geologic concepts
was therefore due in part to availability of adequate
topographic base maps, as well as to the geologic skills
of the investigator.

In North Carolina prior to topographic mapping of
the area, perhaps the first recognition that the major

Piedmont-draining valleys had asymmetric cross
sections was by local farmers who, when going to
markets in South Carolina, observed that low, swampy
areas were common to the north of the major rivers and
that high bluffs were present on the south banks. Kerr
(1875) noted this and correctly assumed that the river
had carved an asymmetric valley in response to an
external force. He did, however, reject a theory of
erustal warping (uplift to the north or subsidence to the
south of the valley), because geologic evidence for these
events did not yet exist. Kerr instead accounted for
valley shape solely by the Coriolis effect, the tendency
for the Earth’s rotation to cause a moving object, the
river, in the Northern Hemisphere to be deflected to
the right (in this case, to the south). Although the
assumptions on which his argument was based are not
valid, Kerr was also an early proponent of the theory
that uplift and subsidence have shaped the history of
the Coastal Plain. This theory was generally unopposed
until the early 1930’s.

From 1886 to 1888, W.J. McGee published a series of
reports on the middle Atlantic Coastal Plain, mostly on
Virginia and the District of Columbia. Without the aid
of topographic contour maps, McGee recognized a
series of marine terraces and elevated shorelines across
the region whose origin was ascribed to periods of
submergence and uplift. McGee reasoned that older
deposits were not stripped away because later episodes
of emergence and subsidence were of lesser magnitude.
Of interest here, he relied on an interpretation of
topography and stream behavior to infer epeirogenic
activity during the late Holocene. In his study of the
Chesapeake Bay, a contrast between the upper, Pied-
mont course and the lower, Coastal Plain course of the
rivers was noted. The rivers actively downcut into the
Piedmont, yet are at base level or drowned in estuaries
on the Coastal Plain. Bluffs in the estuary are talus-
free, indicating that the rate of removal by water has
outpaced the development of talus by erosion. To
McGee, these observations implied differential uplift
along the Chesapeake Bay; he suggested that the
Piedmont is being uplifted while the Coastal Plain is
subsiding. This hypothesis was an early attempt to use
fluvial response as a tool of geologic interpretation on
the Coastal Plain.

With completion of topographic mapping in eastern
Maryland, the first detailed surficial mapping and
correlation of a region was done, by Shattuck (1901,
1906). Five major terraces were identified: Lafayette,
Sunderland, Wicomico, Talbot, and Recent. These
names have become firmly established in the literature
and have been correlated by subsequent authors, with
varying success, into adjacent States. As with the
earlier studies, alternating intervals of emergence and
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subsidence were proposed as the mechanism preserving
the deposits.

Johnson (1907), with the aid of newly completed
topographic mapping in northeastern North Carolina,
subsequently mapped a series of terraces and noted
that terraces having similar elevations are present in
Virginia and Maryland. More extensive work on the
Coastal Plain terraces of North Carolina was pursued
by Stephenson (1912), who adapted the framework of
terrace chronology erected by Shattuck (1901, 1906);
although somewhat expanded, the terminology re-
mained principally intact, and a correlation of terraces
across Maryland, Virginia, and North Carolina was
proposed. Clark and others (1912) suggested that the
Coastal Plain, hinged at the Piedmont, had alternately
tilted up and down to produce the series of terraces. A
uniformity of tilt along the Coastal Plain (i.e., epeiro-
genic movement) was implied for this interstate
correlation of terraces.

The preceding studies makereference toa generalized
and episodic rise and fall of the Coastal Plain surfacein
order to explain the terrace pattern. The mechanism
driving such epeirogenic motion could not be explained
by current knowledge; it was simply assumed to exist.
In an abrupt departure from conventional theory,
Cooke (1930) proposed that a series of interglacial
highstands of the sea, of progressively lesser magnitude,
is the sole reason that a series of terraces is preserved.
Cooke was skeptical that a periodic, epeirogenic rise
and fall of the land surface could have been ac-
complished without some differential tilting, and he
preferred the glacioeustatic mechanism. His study of
maps of the Atlantic and Gulf Coast shores from
Connecticut to Texas suggested an absence of shoreline
tilt; Cooke therefore embraced the theory that glaci-
oeustatic fluctuations have produced and preserved the
terraces and suggested a worldwide correlation of
terraces on stable coasts solely on the basis of their
height above present sea level. While it now seems
certain that the terrace sediments were deposited
during interglacial highstands of the ocean, the long-
held assumption that the Atlantic margin of the United
States is stable or uniformly tilting is untenable in light
of current research. This topic is discussed in detail in
the section entitled “Geomorphic Evidence for Uplift of
the Cape Fear River Valley.”

In the aforementioned works, two related topics are
discussed: correlation and mechanism. The latter is
quite speculative and relies on a careful and accurate
study of the former, for without a proper correlation of
deposits, speculation on how the deposits came to be
preserved (i.e., mechanism) is meaningless. The reports
of more contemporary researchers indicate that eleva-
tions are viewed with trepidation; many of the terraces

mapped by earlier workers are complex and include
deposits of more than one age. Lithostratigraphic
studies in southeast Virginia (Oaks and Coch 1963,
1973) and South Carolina (DuBar, 1971; Colquhoun,
1974; DuBar and others, 1974) have greatly refined the
body of earlier work.

Lithostratigraphic correlations without a time con-
straint have the same limitation as the correlation of
terrace surfaces: essentially time-stratigraphic units
are being mapped with an independent tool, lithology
or elevation. Strictly lithostratigraphic correlations
may in places be suspect on the Coastal Plain because
the upper Cenozoic deposits, while of widely varying
age, were formed under the same conditions and hence
are lithologically similar.

The use of biostratigraphy to refine lithostratigraphic
correlations is limited by sparse to absent faunal
assemblages in marginal marine deposits. Also, the
hiatuses between many depositional events are small,
and resolution of distinet and useful faunal zones is
difficult. Correlation tools such as molluskan and
ostracode zonation, uranium-disequilibrium series
studies, amino acid racemization, and paleomagnetics
have been integrated in some studies (McCartan and
others, 1982; Cronin and others, 1984). Cronin (1981)
provided a summary of available techniques applied to
Coastal Plain stratigraphy, and Szabo (1985) discussed
the role and limitations of uranium series and amino
acid dating methods in stratigraphic studies of Coastal
Plain sediments.

Mineral weathering studies on the Atlantic Coastal
Plain have proved useful in differentiating units and
determining relative ages. A systematic alteration of
immature detrital minerals into a mature, weathered
assemblage occurs in the soil and subsoil (i.e., in the
weathering profile) of rocks and sediments; these
mineral alterations in the soil profile were detailed by
Jackson (1965) in his model for weathering sequences
as a function of time, environment, and intensity of the
weathering processes. In sediments of similar lithology
in a given area, the degree of alteration toward the
weathered assemblage is a function of the age of the
deposit. Owens and others (1983) investigated the
mineralogy of various formations of the middle Atlantic
Coastal Plain, from Virginia to New Jersey, and
concluded that clay and sand mineral assemblages
reflect not only the original lithology, but the degree of
weathering as well. In Owens’ study, both the un-
weathered mineral assemblages and the ages of the
formations were known; these data were used to assess
the time required for development of the mature
assemblages detected in the weathered zone. These
concepts are invaluable both as supporting evidence in
stratigraphicstudies and in differentiating units when
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other criteria (e.g., fauna, isotopic dates) are not
available. Mineral alteration sequences were found to
be a significant stratigraphic guide in a preliminary
study of the Cape Fear River valley (Soller, 1984).

GENERAL STRATIGRAPHY

Since the early 1970’s, numerous lithostratigraphic
studies on the Atlantic Coastal Plain have refined our
knowledge of local geologic history. However, the
sediments of the various transgressive-regressive se-
quences are macroscopically quite similar, and detailed
mineralogic, biostratigraphic, and isotopic dating
studies were required to correctly assign ages to these
deposits and to allow regional correlation. From detailed
work in the Charleston, S.C., area, McCartan and
others (1984) established mineralogic differences be-
tween units caused by weathering and hence the
relative age of the deposit, and determined both relative
and absolute age for units on the basis of molluskan
zonation, magnetic polarity, and uranium-series dates
on corals. The stratigraphy erected for the Charleston
area was compared with that for northeastern South
Carolina and northeastern North Carolina, and cor-
relations were suggested (McCartan and others, 1982).
The continuing research of J.P. Owens (as cited
previously) along the Carolina coast, as well as studies
by Szabo (1985), Mixon and others (1982), and Cronin
and others (1984), has served to refine the regional
stratigraphic framework of these units.

Prior to the Charleston research, J.R. DuBar and
others had conducted lithostratigraphic mapping in
northern South Carolina, around Myrtle Beach. DuBar
and others (1974) subdivided the post- Miocene strat-
igraphy of northeast South Carolina into 11 units. The
oldest unit of concern to this study is the Duplin
Formation (DuBar and others, 1974), of Pliocene age,
which lies seaward of the Orangeburg scarp at an
elevation of roughly 55 meters (180 feet) or more. The
next younger unit, the Bear Bluff Formation, of late
Pliocene age, lies generally seaward of the Duplin, with
a surface elevation of roughly 30 to 37 meters (100 to
120 feet) above sea level. These sediments are predom-
inantly shallow marine sands and appear weathered,
with a well-developed soil profile. The next younger
deposit mapped was the Waceamaw Formation (lower
Pleistocene), occurring at elevations between 20 and 30
meters (65 to 100 feet) above sea level. Lying just
seaward of the Waccamaw Formation is DuBar’s
Canepatch Formation (middle to upper Pleistocene),
which has preserved at the surface a barrier-
backbarrier complex at 12 to 14 meters (40 to 45 feet)
above sea level. The Socastee Formation (upper
Pleistocene) is represented by a barrier complex
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between the Canepatch-age barrier and the modern
barrier beach. The Socastee- age barrier occurs at
elevations up to 12 meters (40 feet) above sea level.

McCartan and others (1982) compared the Pleistocene
stratigraphy around Charleston, S.C., with dated units
at Myrtle Beach, S.C. (within DuBar’s field area), and
at Flanner Beach (on the Neuse River, northeastern
North Carolina). MeCartan’s study identified at least
four major cycles of transgression and regression
during the Pleistocene. The deposits of individual
cycles have been assigned formational status and are
characterized by a thin, basal transgressive marine
unit overlain by thicker, regressive strandline deposits.

The Waccamaw Formation was the oldest unit
mapped by McCartan, at elevations up to 32 meters
(105 feet) above sea level. Uranium-series dates on
coralsindicate that thisunit may be at least one million
years old. DuBar and others (1974) considered the
Waccamaw to be a single, time-transgressive unit of
early to middle Pleistocene age on the basis of fauna. In
Charleston, S.C., the possibility exists, based on dif-
ferences in elevation, intensity of weathering, and
isotopic dates, that the Waccamaw could be subdivided
into an older, topographically higher Waccamaw and a
younger, lower unit at least 750,000 years old (McCartan
and others, 1984). Although the local units mapped in
McCartan and others (1984) were given only numerical
designations, these units are correlated regionally in
McCartan and others (1982) and are assigned forma-
tional names. In the subdivision of the Waccamaw, the
upper unit will be assigned to the overlying Penholoway
Formation (Owens, in press).

The Socastee Formation is represented by an areally
extensivebackbarrier-barrier complex around Charles-
ton, at elevations up to 12 meters (40 feet) above sea
level. The Socastee tentatively correlates with the
Flanner Beach Formation of northeastern North
Carolina, on the basis of elevation and uranium-series
dates, which cluster between 180 and 240 ka (McCartan
and others, 1982). McCartan’s work necessitated a
reinterpretation of DuBar’s type Canepatch and type
Socastee (McCartan and others, 1982); Socastee-age
deposits unerlie the extensive 12- to 14-meter (40- to
45-feet)-above-sea-level barrier-backbarrier complex
that was assigned a Canepatch age by DuBar and
others (1974), while Canepatch deposits are not
preserved as a barrier complex but exist only as
isolated subsurface deposits of marine origin.

The Wando Formation is the youngest Pleistocene
unit identified in the Charleston area (McCartan and
others, 1980). Near Charleston, the surface of the
Wando backbarrier flat does not exceed 5 meters (16
feet) above sea level. McCartan and others (1982)
tentatively correlated the Wando with the 5-meter level
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TABLE 1.—Generalized late Cenozoic stratigraphy for the outer
Coastal Plain of parts of North Carolina and South Carolina®

Formation App m(ﬁ:;%te age
Wando ... ... . 01
Socastee ... .02
Canepatch 0.45
Penholoway ... ... >0.75
Waceamaw 1.75
Bear Bluff. . 275

1Stratig’raphy derived from McCartan and others (1982), DuBar and
others (1974), and J.P. Owens (U.S.G.S., pers. commun., 1985).

The ages given here are near the average for dates obtained by isotopic
dating and other means. Given the spread in dates and the uncertainty involved
in dating these sediments, this table gives a generalized, approximate age for
each depositional interval.

on the Neuse River, which is the Core Creek sand
described by Mixon and Pilkey (1976). The age of the
Wando deposits was determined by uranium-series
and amino acid methods to be between 87 and 126 ka.
Thesstratigraphic framework used in this study, derived
from McCartan and others (1982) and supported by the
numerous cited reports, is shown in table 1. The
approximate age for each formation in table 1 is
generalized from the range of dates obtained by the
various dating methods. These dates are provided
largely for purposes of uplift rate calculation (see
“Geomorphic Evidence for Uplift of the Cape Fear
River Valley”).

STUDY APPROACH

To assess the geology and history of the Cape Fear
River valley, this study included mineralogic, strati-
graphie, and geomorphic analyses. Although geo-
morphology proved to be a useful tool in mapping
terrace surfaces and in analyzing the region’s tectonic
history, the identification of each terrace as a unit
geologically distinet from adjacent terraces was
dependent on subsurface analysis. Lithologic and
mineralogic study of the fluvial deposits, which are
buried beneath a dune cover of variable thickness, was
essential for correlation. In fact, these analyses of the
subsurface provided the basic geologic data upon
which much of the geomorphic analysis was based.

SAMPLE LOCALITIES

In the study area, surface exposures of any great
thickness are rare, and exposures of the entire thickness
of fluvial sediments beneath any terrace were not
found. Therefore, deposits were sampled with a power
auger. Sample localities were confined to roads or

trails capable of supporting the truck- mounted auger.
Eachdrill site was located to provide some information
on important topographic features, such as Carolina
bays, dune fields, and terrace scarps, in addition to
stratigraphic and lithologic data. During 1982 and
1984, 27 holes were drilled in the Cape Fear River
valley and several holes were drilled in the adjacent
upland deposits (fig. 5). In most holes, samples were
collected from the weathering profile and in the various
lithologies encountered downhole. Next to the Cape
Fear River, a cutbank exposure of an upland unit was
sampled for comparison with the borehole data.

In 1980, a seismic reflection profile of the Cape Fear
River channel was recorded from Elizabethtown to just
northwest of Wilmington (fig. 1) by Jim Henry,
Skidaway Institute. These records show a prominent
reflector whose depth agrees closely with the depth to
the Cretaceous sediment beneath the flood plain in
nearby drill holes. Seismic data were used in the
evaluation of the most recent phase of valley entrench-
ment and filling, which is associated with late
Pleistocene and Holocene sea level fluctuations.

METHODS OF ANALYSIS

A weathering and provenance study was conducted
for minerals in the fine and very fine sand fraction
(between 63 and 250 micrometers) of 142 selected
samples. These sands were separated by standard
techniques into “heavy” minerals (those having a specific
gravity greater than 2.85) and “light” minerals (specific
gravity of 2.85 or less). Heavy and light minerals were
identified under the petrographic miecroscope with
index oils, according to standard criteria (Krumbein
and Pettijohn, 1938). For untwinned feldspars, the
species was determined by the x-ray mapping technique
and x-ray fluorescence capability (EDAX) of the
scanning electron microscope. Paul Hearn, USGS,
provided the EDAX analyses.

Clay-sized minerals were identified from oriented,
slurry mounts in a Diano x-ray diffractometer. The
samples were often treated with ethylene glycol or
heated to 350°C for 1 hour to facilitate identification. A
clay mineral (e.g., vermiculite) is identified by its basal
spacing and its response to chemical or heat treatment;
the chemical composition and detailed structure cannot
readily be assessed in mixed assemblages, especially
when subjected to weathering. The true nature of two
vermiculites from different localities or different levels
within a weathering profile may be quite different; for
example, when heated to 350°C, one sample may lose
only a portion of its interlayer water but maintain
crystallinity (i.e., decrease in basal spacing) while the
other sample may appear to lose crystallinity or show a
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FIGURE 5.—Location of drill sites within the study area. The Cape Fear River valley is located between the Cape Fear River and
the Black River and Little Coharie Creek. Carolina bay lakes are also shown for later reference in text.

random loss of interlayer water (i.e., disappearance of
peak). Their compositions and responses to treatment
are slightly different, but both samples are considered
to be vermiculites. Similarly, kaolinite may be highly
crystallineand ordered, disordered along the b-axis, or
partially hydrated. These conditions are manifested in
different x-ray diffraction patterns. Of greater com-
plexity are the mixed-layer clay minerals. A detailed

discussion of clay minerals, mixed layering, and
identification techniques is given elsewhere (Brown,
1961; Thorez, 1975).

Samples of peaty or organic layers were collected by
power auger from beneath the sand rims of Carolina
bays, beneath sand dunes, and in the Holocene valley
fill. Radiocarbon analyses were provided by the U.S.
Geological Survey Radiocarbon Laboratory, and pollen
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TABLE 2.—Radiocarbon data for peat and macerated wood samples
cMiab Sample Sample cl4 Stratigraphic
number number depth date (years) position
(feet)
W-5141 . . LB-291 5 7,700 * 100 Base of dune.
W-5157. LB-292 7 5,720 + 80 Base of dune.
W-5096. . .. LB-294 9.5 >40,000 Base of dune.
W-5099 . . . . LB-296 19 >40,000 Peat at base of bay rim sand,
Bushy Bay.
W-5155 . . LB-309 35 3,640 +60 Wood layer near base of flood-plain
section.
w-5177 . . . . .. LB-317 10.5 >37,000 Peat at base of bay rim sand,
Tedder Bay.
W-5171 LB-317 14 >35,000 Same as above.
W-5181 LB-321 30 >36,000 Base of dune.
W-5167. .. LB-322 33 7270 + 90 Base of tidal marsh peat.

analyses were conducted by Leslie Sirken of Adelphi
University.

RADIOCARBON DATA

Nine peat and macerated wood samples were dated
by the USGS Radiocarbon Laboratory (table 2). Samples
were either from the peaty interval beneath dunes or
rims of Carolina bays or from within a fluvial interval.
The majority of dates beneath dunes, and both dates
beneath bay rims, are minimum dates greater than 35
ka. At LB-291 and LB-292, dates indicate another dune

forming event, of Holocene age. The dates from the
fluvial intervals (LB-309 and LB-322) are Holocene and
document post-glacial sea level rise in the area.

POLLEN DATA

Of nine samples analyzed for pollen (table 3), six
were also radiocarbon dated. For all samples, the
sediment was deposited in freshwater wetlands similar
to those of the modern Coastal Plain; nearby forests
were dominated by pine, oak, and birch, and a temperate
climate existed during deposition of all samples except

TABLE 3.—Pollen data

Sample Sample
number depth
(feet)

LB-291. . ... B Pine dominant, oak, hickory, birch, alder, cedar; nonarboreal polien well represented with
grass, sedge, composites. Looks like pine, oak, hickory forest, open land; freshwater
wetland deposition site; temperate climate.

LB-294 .. . - . .. 95  Nonarboreal pollen dominant over arboreal pollen with grass, composites, including abundant
ragweed, aquatics; arboreal pollen mainly pine, birch, cedar, alder, oak; Sphagnum and
fern spores common. Freshwater wetland, pine, oak, birch regional forest; temperate
climate.

LB-296.. ... ... .. .. ... .....19 Pine, oak, birch, other hardwoods; grass, sedge, composites, minor chenopod and aquatics. May
be pine barrens with ericaceous understory. Temperate climate.

LB-309 ... .. R 10,5 Pine, oak, birch, cedar, holly, Ericaceae; nonarboreal pollen-grass composites; moss and fern
spores common. Similar to above samples in table but with holly and ericaceae more
abundant. Temperate climate.

LB-309 .. ... .. .. ... ... 14 Pine, birch, hickory, sweet gum, oak, black gum, alder, and others; composites. Fewer wetland
species; some warmer indications (the gums). Pine, birch, sweet gum, hickory dominated
forest. Warm temperate climate.

LB-309 . .. . ... .. - e . 30  Pine, oak, birch, hickory, sweet gum, black gum. Trace of nonarboreal pollen. Warm temperate
climate.

LB-30% . . . .. . . .. . ..85 Pine, oak, hickory, birch, minor black gum, sweet gum, alder, ash, cedar, grass. Warm.
conditions began or existed as early as this level.

LB-317. e = ...... 14 Pine, oak, alder, minor birch, cedar; nonarboreal pollen minor with grass, composites, sedge.
Freshwater wetland; pine, oak forest; temperate climate.

LB-321 ... .. . .. . ... .. 30 Pine ¢ak, birch, alder, ericaceae, holly; composites, grass; moss and fern spores. Freshwater

wetland; pine, oak, birch ericaceae forest, possibly pine barrens type; temperate climate.
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at LB-309. From LB-309, four pollen and one radio-
carbon analyses were done to assess climatic variations
during the Holocene. The radiocarbon age of the lowest
sample (35 feet) at LB-309 is 3,540 £ 60 yBP. At that
time, and until the flood plain had filled to within 12
feet of the present surface, the climate was warmer
than either the present or the recent past (7,700 yBP at
L.B-291). A warmer climate is indicated by the presence
of black and sweet gum in the pollen assemblage. A
discussion of Holocene sea level rise and climatic
variation is not within the scope of this paper.

IDENTIFICATION AND CORRELATION
OF TERRACES

The lower Cape Fear River valley, below Fayetteville,
N.C., attains a maximum width of nearly 22 miles and
is mostly filled with river terrace deposits; the flood
plain is confined to the southwest edge of the valley,
between the lowest terrace and the older formations
making up the uplands. These river terraces are the
fluvial facies of formations discussed earlier in the
paper. The terrace deposits were sampled by augering
and were found generally to consist of a dune sheet
capping sandy fluvial sediments which in turn overlie
Cretaceous marine and deltaic sands and clays of a
distinctive dark gray or green color.

Elevation of the land surface and of the fluvial-
Cretaceous contact rises to the northeast away from the
flood plain, as shown by valley cross sections (fig. 6).
The Cape Fear River clearly has been incising the
uplands and migrating to the southwest during the
Pleistocene, preserving old fluvial sediments as un-
paired terraces to the northeast of the river. Tributaries
entering the Cape Fear River from the northeast side
are numerous, and many are quite large, while the few
tributaries entering from the southwest side are merely
small drainages of the upland scarp bordering the
river. The lack of tributaries to the southwest is due to
stream capture by the Cape Fear River during
migration and subsequent erosion of the uplands. If
river migration had been a gradual and continuous
process, a single slipoff terrace would have formed.
However, topographic breaks are apparent and de-
lineate a series of terraces having different elevations
that presumably formed at different times and base
levels. Mineralogic data support the mapping of several
distinet terraces in the valley and provide an estimate
of terrace age. These data are discussed in following
sections.

Alternating with periods of deposition were intervals
when sea level was depressed and erosion and incision
occurred in the river valleys of the Coastal Plain. If the
incised Holocene channel of the Cape Fear River is
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representative of the dimensions of past incised
channels, the probability of encountering one of these
narrow channels in any of the drill holes would be low.
Discussion of the history of the Cape Fear River valley,
therefore, necessarily deals with the tangible record;
erosion and incision during glacial intervals, when sea
level was lowered, is assumed, but the extent of these
processes cannot readily be assessed.

Six levels (the Holocene flood plain and five terraces)
were identified from mineralogic and geomorphic
analysis (pl. 1) and were correlated with formations
composed of coastal and nearshore facies whose ages
are known from isotopic dating and faunal study.
Preliminary correlations (Soller, 1984) have been
revised by Owens (in press) on the basis of regional
mapping. A fluvial equivalent of the Duplin marginal
marine unit is not preserved in the Cape Fear River
valley. The oldest and highest terrace, of Bear Bluff
age, is bounded on the southwest by the South River
and on the northeast by Little Coharie Creek and the
Black River (fig. 7) and was mapped from northwest of
Roseboro southeastward to the north-south stretch of
the Black River. The terrace surface appears old
relative to the other terraces; it is more dissected, and
Carolina bays are poorly preserved. The presence of
Carolina bays distinguishes this terrace from the upland
deposits immediately to the north and east, which are
devoid of bays.

The surfaces of the Waccamaw, Penholoway, and
Socastee terraces appear much younger than the surface
of the Bear Bluff terrace. Dissection is limited to the
terrace borders along the courses of major streams.
Elsewhere, the surfaces of these younger units are flat
to gently rolling, with numerous well-preserved
Carolina bays. All bays in the area are oriented
approximately S. 50 E. (Johnson, 1942). Sand ridges on
the east and southeast margins of the bays are
prominent, and many merge into dunes. Dune fields
are common, and the arcuate dune forms (parabolic
and longitudinal) are visible on aerial photographs.
Dunes tend to be oriented NE.-SW., and the parabolic
forms indicate that the wind blew from the southwest.
The orientation of Carolina bays, whose long axes tend
to lie perpendicular to wind direction (Kaczorowski,

FIGURE 6.—Cross sections of the Cape Fear River valley along four
auger hole transects. The uppermost transect in the figure is the
farthest upvalley, and each lower transect is farther downvalley.
Refer to figure 5 for drill hole locations. (4) transect along LB-380
to LB-384; (B) transect along LB-295 to LB-298; (C) transect along
LB-273 to LB-278; (D) transect along LB-291 to LB-293. Note the
decrease in slope of the valley floor (top of Cretaceous age
sediments) from northwest to southeast (downvalley). WAN, Wando
Terrace; SOC, Socastee terrace; PEN, Penholoway terrace; WAC,
Waccamaw terrace; BB, Bear Bluff terrace.
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older terraces and on the uplands were found to have
less hornblende and epidote than the dunes nearer the
modern Cape Fear River.

In samples of dune sand rich in humate, labile heavy
minerals, feldspar, and clay minerals are absent or less
common (e.g., LB-297, 5 and 10 feet; L.B-321, 3 and 10
feet) than in samples above and below the humate zone.
Leaching and destruction of minerals in peat zones is
minimal by comparison (e.g., LB-322, 14 and 30 feet;
LB-292, 7 feet) because the organics are not in the
soluble and colloidal state commonly found in humate.
Leaching of labile minerals by the organic acids of
humate produces a sample that mineralogically appears
more weathered and, therefore, older than samples
that have not been impregnated with humate. In
figures 14 and 15, the values exclude humate samples
and are more reliable than if humate- impregnated
samples had been included.

In the study area, ilmenite, weathered (brown)
ilmenite, and leucoxene constitute the detrital opaque
heavy mineral suite. Authigenic pyrite is common in
some places in the Cretaceous formations and a minor
constituent in the base of the overlying fluvial deposit,
but is disregarded here because it is not a detrital
mineral. Although ilmenite is susceptible to weathering,
the absolute quantity of opaque heavy minerals is
thought to remain somewhat constant during weather-
ing owing to the stability of leucoxene, the weathering
product of ilmenite. In contrast, the absolute quantity
of nonopaque heavy minerals decreases during
weathering, as the labile species are destroyed. The
ratio of opaque to nonopaque grains therefore increases
with time and should generally reflect the age of the
sediment. Beneath the Penholoway and younger ter-
races the opaque/nonopaque ratio is less than 1, while
beneath older terraces and on the uplands the ratio
exceeds 1 and is generally more than 1.5. Hornblende
and epidote are far more abundant in Penholoway and
younger sediments, and their destruction due to
weathering is largely responsible for the difference in
ratios. The high ratios in all upland deposits are due at
least in part to the reworking that occurred in those
marginal marine sediments.

Although the effect of weathering on mineral dis-
tribution has been stressed here, minor variations over
time in the mineralogy of sediment supplied to the
valley are expected. For example, sediments beneath
the Penholoway and younger terraces are distinctly
richer in hornblende and nonopaque heavy mineralsin
general than sediments beneath the Waccamaw and
Bear Bluff terraces. Although much of the difference is
due to weathering, the contrast between Waccamaw
and Penholoway heavy mineralogy suggests that the
mineralogy of the detrital sediments may have varied

with time. While this does not diminish the validity of
weathering intensity as a relative dating tool, the
limitations of this method must be understood.

”LIGHT” SAND-SIZED FRACTION

Monocrystalline quartz accounts for the bulk of all
the fluvial and upland sediments, with the remainder
(generally less than 25 percent) being polyerystalline
quartz and feldspar. Quartz grains are moderately
spherieal, and angular to subrounded. Muscovite is a
common accessory mineral. Feldspar is dominantly
untwinned, with lesser amounts of microcline and
twinned plagioclase. Index oils and x-ray fluorescence
were used to identify the twinned plagioclase as albite
and oligoclase. Inthe upper portion of some weathering
profiles, clay galls (presumably weathered feldspars,
atleast in part) and iron oxide coatings and aggregates
are common.

The species of untwinned feldspar was determined
by the x- ray mapping technique and x-ray fluorescence
capability (EDAX)ofan ETEC AUTOSCAN secanning
electron microscope. This technique was used on a few
samples near the base of the fluvial sections, where
weathering was minimal and feldspar most abundant.
Potassium-rich sand grains were found routinely during
the x-ray mapping; EDAX analysisof individual grains
indicated a composition appropriate to potassium
feldspar. Scanning electron microscopy did not reveal
twinning; these common, untwinned species were
therefore assumed to be orthoclase. X-ray mapping of
sodium atoms revealed a few sodium- rich grains in the
samples. The few sodium-rich grains located were
determined (by EDAX analysis) to be plagioclase
feldspars of approximately oligoclase composition, and
they showed twinning. This limited analysis (of three
samples from the base of the fluvial intervals) suggests
that orthoclase is the only variety of untwinned feldspar
in these sediments.

Drill-hole data can be divided into groups on the
basis of feldspar content, the grouping being con-
ceptually the same as for the heavy minerals. The first
group, all the upland deposits, has little or no feldspar
(fig. 10). Feldspar is absent from the upper 20 feet at
LB-279 and 312, which sample Pliocene deposits. LB-
294, 289, 290, 319, and the outerop at Donoho Creek
Landing sample younger upland deposits; feldspar
persists much higher in the section here, although it
does decrease in abundance upwards.

The second group consists of the fluvial deposits; the
samples from these drill holes do not show a noticeable
upward decrease in feldspar content (fig. 11). The
average feldspar content for each drill hole is shown in
figure 16. There is a somewhat irregular crossvalley
variation in feldspar abundance; the contrast between
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FIGURE 10—Continued.

old and young terraces is not as striking as with
hornblende abundance. A downvalley decrease in
feldspar is more apparent and indicates that feldspar is
derived largely from the Piedmont; feldspar-rich sed-

FIGURE 10.—Comparison of lithology and sand mineralogy of auger
hole samples of upland deposits. On the left side of the diagrams,
the proportions of the various light minerals in the fine and very
fine sand fraction are displayed, and on the right side are shown the
proportions of the various nonopaque heavy minerals of the same
size fraction. The least resistant minerals are plotted closest to the
0-percent lines; note the increase in abundance of these mineral
species with depth and their absence in the upper 20 feet of the
older deposits (Duplin (DuBar and others, 1974) and Bear Bluff
Formations). The lithology of the auger hole sediments is shown at
the center of each diagram. Along the right edge of the diagrams,
the depth to the Cretaceous sediment is shown and the overlying
units are identified.

iments of the Cape Fear River were diluted downvalley
by the contribution of reworked, feldspar-depleted
sediments from Coastal Plain-draining tributaries.

In the dune sands, feldspar abundance varies across
the valley (fig. 17). Feldspar is sparse or absent in dune
sands on the Bear Bluff and Waccamaw terraces, from
the uplands to the east of the lower valley (LB-294) and
from the thick accumulation of dune sand on the
Socastee fluvial or backbarrier surface that lies east of
the Cape Fear River and north of Wilmington (LB-
321). Humate is well developed at 1.LB-321 and may be
responsible for the absence of feldspar at this location.
The feldspar content of dune sands increases as the
Cape Fear River is approached from the northeast: 8 to
14 percent feldspar on the Penholoway terrace, 4 to 15
percenton the Socastee terrace, and 21 to 35 percenton
the Wando terrace.

It is apparent that dune sands were derived from
unweathered fluvial sediments to the west of their
current position. The Cape Fear River channel is the
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Cretaceous sediment at the floor of the valley and the fluvial and dune portions of the valley sediments are shown.
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FIGURE 11—Continued.

likely source of the sand; the exposed channel was
eroded during sea level lowstand and the sand was
transported a short distance to cover the adjacent
terraces. Thom (1967) proposed this mechanism for the
Pee Dee River valley. In the Cape Fear River valley, the
theory is supported by two lines of evidence. First, the
orientation of dunes and Carolina bays records a
southwesterly wind direction. Second, the abundance
of feldspar in dunes near the Cape Fear River is quite
similar to that in the younger pre-Holocene (Wando)
fluvial sediments. Given this evidence, it is suggested
that the decrease in feldspar abundance to the east of
theriver reflects at least two generations of dunes, with
the older dunes on the Bear Bluff and Wacecamaw
terraces lacking in feldspar owing to weathering.
Originally containing as much feldspar as the un-

weathered fluvial sediment from which they were
derived, the dunes on the older terraces were exposed to
weathering and most of the feldspar was destroyed.
The underlying fluvial sediments, of somewhat greater
age, were not as severely weathered because their
protective cap of finer grained, overbank sediment
inhibits unrestricted vertical movement of water.

CLAY-SIZED FRACTION

In an undisturbed weathering profilein the southern
Atlantic Coastal Plain, labile clay and sand-sized
minerals are systematically transformed to a weather-
ed, mature suite of clay- sized minerals. Vermiculite,
kaolinite, and gibbsite tend to dominate in the upper
soil horizons of deeply weathered profiles and represent
the mature assemblage for the Cape Fear area. From
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FIGURE 11—Continued.

the uplands surrounding the Cape Fear River valley,
clay mineralogic profiles from six drill holes and one
outcrop are presented (fig. 18). LB-312 (fig. 184)
sampled shallow marine sands of the Bear Bluff
Formation (Pliocene). Near the base of section, there
occur unweathered examples of two facies having
different mineralogies. At a depth of 46 feet, in a gray

medium-to-fine sand, unaltered kaolinite dominates

the clay suite, with minor mixed-layered material
(identified by a slightly raised background around 6°
2-theta). At 36 and 33 feet, in gray silty sand and gray
clay, illite is abundant, with kaolinite and minor
mixed-layered material. Illite is absent from the sand
and abundant in the fine sediment, which suggests a
detrital, facies-controlled origin for this mineral. At a
depth of 27.5 feet, the sediment is mottled and the clay
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mineral suite shows some incipient weathering. Dis-
ordered kaolinite and halloysite appear to dominate,
with minor illite and lepidocrocite.

In the sample at LB-312, 27.5 feet, an oriented clay
mount could not be achieved; the 20° 2-theta peak
attributed to halloysite is probably a nonbasal kaolinite
reflection that is detected in poorly oriented mounts.
Poor orientation of clay mounts is likely the cause for
detection of the 20° peak in other samples as well,
although some well-oriented mounts (e.g., LB-385) also
show a 20° peak. The 20° peak is therefore attributed to
weathered and possibly disordered kaolinite, and the
related mineral halloysite.

Upward, in the section at LB-312, halloysite and
lepidocrocite are absent, but disordered kaolinite
persists. At 22 and 20 feet, kaolinite dominates with

lesser expandable mixed-layering (determined by
ethylene glycol treatment) which is poorly ordered. The
uppermost sample (6 feet) is dominated by vermiculite,
with kaolinite and gibbsite. This drill hole documents a
gradual transformation of the unstable clay minerals
into a more stable weathered assemblage.

At LB-312, 15 feet, the sample is impregnated with
humate. Clay minerals, abundant in all samples lacking
humate, are not detected here. The organie acids of the
humate must have degraded the clay minerals as well
as the labile sand-sized mineral grains of this sample.

Pliocene sediments are also sampled at LB-279, but
the mineralogy is much different (fig. 18 B). All
Pliocene samples in the drill hole (15 feet and above) are
orange-red clayey sands, and their mineralogy is
constant: kaolinite with minor mixed-layering. Ver-
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FIGURE 12.—Average percent hornblende in the nonopaque heavy
mineral fraction in the fluvial sediments, plotted on a simplified
geologic base map of the Cape Fear River valley. For a more
detailed map, refer to plate 1. An average value was computed
for each auger hole, as shown here. At auger holes without a
value, fluvial deposits either were absent or were not sampled.
Note the low abundance of hornblende on the Bear Bluff and
Waccamaw terraces and the progressive increase in abundance,
along any northeast to southwest transect, on younger terraces.
Thereis alsoa somewhat vague trend on at least two surfacesof a
downvalley decrease in hornblende.
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FIGURE 13.—Average percent epidote in the nonopaque heavy
mineral fraction in the fluvial sediments, plotted on a simplified
geologic base map of the Cape Fear River valley. For a more
detailed map, refer to plate 1. An average value was computed
for each auger hole, as shown here. At auger holes without a
value, fluvial deposits either were absent or were not sampled.
Note the general increase in epidote to the southwest, onto
younger terraces, and the decrease downvalley on most terraces.

miculite and gibbsite do not occur in the upper profile | reflect the obviously weathered character of the profile.
as they do at LB-312. The orange color indicates that | The upper portion of this weathered deposit has ap-
iron oxides have been generated at the expense of | parently been eroded; this possibility is further dis-
detrital minerals, yet the clay mineralogy does not | cussed in the section on “Weathering Processes and
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FIGURE 14.—Average percent hornblende in the nonopaque heavy
mineral fraction in dune sands, plotted on a simplified geologic
base map of the Cape Fear River valley. For a more detailed
map, refer to plate 1. An average value was computed for each
auger hole, as shown here. At auger holes without a value,
fluvial deposits either were absent or were not sampled. Note
the increase in hornblende abundance in dune sediments
toward the Cape Fear River.

Patterns.” The lowest sample at LB- 279 (25 feet) is an
unweathered, dark-gray clayey sand, Cretaceous in
age. Smectite is the sole elay component in this sediment.

Five other profiles in the uplands are presented, LB-
290, 294, 319, 289, and Donoho Creek Landing (fig. 18C
through 18G); these sediments are Waccamaw to
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FIGURE 15.—Average percent epidote in the nonopaque heavy
mineral fraction in dune sands, plotted on a simplified geologic
base map of the Cape Fear River valley. For a more detailed
map, refer to plate 1. An average value was computed for each
auger hole, as shown here. At auger holes without a value,
fluvial deposits either were absent or were not sampled. Note
the general tendency for higher abundance of epidote in holes
near the Cape Fear River.

Penholoway in age. The mineralogy in these profiles
generally conforms to the pattern at LB-312. At LB-290
and 319, goethite and lepidoerocite have precipitated,
indicating the degradation of ferrous minerals in the
weathering profile. At LB-294, weathering occurs in
the older sediments (below 12 feet), which are capped
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FIGURE 16.—Average percent feldspar in the light mineral fraction
in the fluvial sediments, plotted on a simplified geologic base
map of the Cape Fear River valley. For a more detailed map,
refer to plate 1. An average value was computed for each auger
hole, as shown here. At auger holes without a value, fluvial
deposits either were absent or were not sampled. Note that the
trend showing an increase in abundance nearer the Cape Fear
River is less apparent than the trend in hornblende and epidote
(figs. 12, 13). A downvalley increase in feldspar abundance on the
terraces is more distinct.

by a much younger dune sequence. Selected profiles
are discussed in the section on “Weathering Processes
and Patterns.”

In the fluvial intervals of drill holes in the valley (fig.
19) the most prevalent clay suite is kaolinite and
expandable mixed-layer material. The mixed-layer
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FIGURE 17.—Average percent feldspar inthe light mineral fraction
in dune sands, plotted on a simplified geologic base map of the
Cape Fear River valley. For a more detailed map, refer toplate 1.
An average value was computed for each auger hole, as shown
here. At auger holes without a value, fluvial deposits either were
absent or were not sampled. Note the increase in feldspar
abundance in dune sediment along any transect acrossthe valley,
toward the Cape Fear River.

material is random and is composed of illite and
smectite, with a poorly developed peak at 15 A and
broad shoulders. The mixed-layer clay tends to become
more vermiculitic upward in the weathering profile
(i.e., the layering becomes less random and the mineral
loses its ability to expand after glycolation). There is no
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FiGURE 18—Continued.

perceptible variation in clay mineralogy among the
terraces; unlike the heavy minerals, differentiation of
terraces on the basis of clay mineralogy is not possible.

Gibbsite is present near the top of some fluvial
intervals. Gibbsite develops in sediments that have
been extensively weathered (e.g., LB-312; fig. 184);
therefore, the older terraces should have more gibbsite
than the younger terraces. This expected trend is not
apparentinfluvial sediments in the study area. Gibbsite
is not routinely detected, even in the oldest terrace
sediments, but it is common in the flood plain. When
gibbsite does appear in the fluvial sediments, it is

usually in small quantities, and it may increase toward
the top of the drill hole (as at LB-293, fig. 19]) or persist
throughout (LB-309, fig. 194; LB-322, fig. 19B). A
possible trend is observed for gibbsite, but it is unrelated
to the terraces: fluvial sediments in the lower valley
(fig. 19, LB-309, 322, 292, 293, and 318) have some
gibbsite, while those in the upper valley (fig. 19, LB-
311, 295, 381, 296, 297, and 383) have none.

The clay-sized mineral suite of the dunes is composed
of vermiculite, kaolinite, gibbsite, and quartz. These
mature clay- sized minerals are usually the product of
deep, protracted weathering, yet they occur in white,
nearly clay-free dune sands which appear to be only
slightly weathered. The maturity of these clays far
exceeds that of the much older fluvial sediments
beneath. The 14 A peak of vermiculite in the dune
sediments is sharp, indicating good crystallinity; the
crystallinity is much better than in the vermiculitic
material in the underlying fluvial sediments. Gibbsite
oceurs in most of those samples and is generally
abundant. Perhaps the most significant mineral in this
dune suite is quartz; the detection of clay-sized quartz
by x-ray diffraction appears to be diagnostic for dune
sediments, because quartz occurs in all dune samples
but is absent from all fluvial and upland samples.

Humate commonly develops near the base of dunes
and tends to destroy all minerals <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>